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摘  要 
II 
料领域的相关研究工作进行了综述，并阐明了我们的选题思路和研究内容。 







































Nanotechnology is well known as one of the most promising scientific research 
domain in the 21st century. By modulating the material structures basically, the 
research on the nanomaterials opens novel avenue to solve the long-stand questions in 
the area of materials science. Based on the nanotechnology research, new 
breakthroughs are expected in the aspects of information, advanced technique of 
manufacture, environment, energy and national security. As favorable candidates, 
carbon nanotubes (CNTs) with hollow tubular structure are recongnized as the Super 
Fibers for their unusual physical and chemical properties, such as the high toughness, 
great electroconductivity, fine field emission performance, good metallicity and 
semiconductive properties. In particular, CNTs can be arranged as highly parallel 
CNT arrays, with thousands of independent carbon nanotubes in consistent orientation. 
The CNT arrays can be useful because of the enhanced thermal conductivity and 
charge transport properties along the axial carbon nanotubes. Scientists and 
enterprisers are attracted into the research of carbon nanotubes deeply. At present, 
chemical vapor deposition is the most effective way to synthesize high-quality carbon 
nanotube arrays. In a traditional CVD, tube furnace is the most famous apparatus for 
heating. However, there are some unavoidable disadvantages in the tube furnace, for 
example, batch operation, extra power supply (2000 W), poor utilization of power, 
sightless synthesis process, slower temperature change, temperature sensitivity to the 
vacuum and gas flow in the tube furnace and the temperature response subject to poor 
controllability. These weeknesses are unfavourable for the modern synthesis which 
requires more environment-friendly, more precise for controlling temperature and 
more effective for utilizing power, especially for those necessitate rapid temperature 
change, precise temperature control.  
As a valuable part in miniaturized devices, large-scale aligned CNT patterns with 
serial port configuration are highly desirable. The controllable CNT patterns have 
been achieved by chemical vapor deposition on pre-designed catalyst patterns or 
substrate patterns, constructed by a variety of strategies including offset printing, 
standard lithography, and soft lithography. By means of the available techniques, the 















micrometer scale. However, the time and cost involved in generating the patterns are 
the major barriers to limit the use of the available technologies such as lithography. 
Therefore it is particularly necessary to develop a simple and rapid preparation 
method for CNT patterns.  
Based on the micro heater developed by pioneer members in our group, the CNT 
arrays are synthesized. We have synthesized millimeter-long CNT arrays, and attempt 
to synthesize CNT arrays in a continuous mode. In addition, the patterned CNTs with 
different morphology are synthesized by breath figure approach. Major results are 
summarized as follows. 
Chapter 1: The synthesis, physical properties, challenging applications and recent 
development of CNT arrays are briefly reviewed. The contents and purpose of the 
research are clarified. 
Chapter 2: The synthesis of CNT arrays is introduced. The CNT arrays with length 
up to 4 millimeter are synthesized using the micro heater, and the products are 
identified by scanning electron microscopy (SEM) and transmission electron 
microscopy (TEM). The process of the CNT arrays growth is observed in situ by 
video camera and Raman spectrometry. We have designed a changeable DC power for 
the growth of CNT arrays to confirm the root-growth mode. The growth of CNT 
arrays is suggested to be affected by different experiment conditions. The CNT arrays 
with different length are synthesized continuously. The CNTs are synthesized on 
different conductive substrates. In addition, the CNT array electrodes are prepared by 
mixing of millimeter-long CNT arrays and resin. 
Chapter 3: The preparation of patterned CNTs by breath figure approach is 
introduced. The patterned CNTs with circular pillars in the centers and honeycomb 
structure are synthesized from different breath figure templates, cross-linked polymer 
matrix and ferrous inorganic micropatterns. The products are identified by a variety of 
characterization techniques such as SEM, TEM, X-ray photoelectron spectra (XPS), 
thermogravimetric analysis (TGA), atomic force microscopic (AFM). A detail 
mechanism is discussed for the patterned CNTs growth. 
Chapter 4: The synthesis of boron nitride nanotubes (BNNTs) is introduced. The 
BNNTs with high quality are synthesized from graphenes that are reduced by 
p-phenylene diamine. The BNNTs with larger diameter are synthesized from graphite 
oxide. The products are identified by a variety of characterization techniques such as 















also suggested for the BNNTs growth. 
Chapter 5: The main contents of this paper are summarized, and the synthesis and 
applications of the CNT arrays are prospected. 
The micro heater presented in this study, due to its superior energy efficiency, 
continuity, provides a viable approach toward industrial synthesis of vertically aligned 
CNT arrays. It also provides a specific technique for in-situ diagnostics and control of 
CNT arrays growth. We believe that large-scale production of CNT arrays will be 
realized in the future. 
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